The prevalence of right-to-left shunt (RLS) has been documented recently to be significantly higher in patients suffering from migraine with aura (MA) than in healthy controls and similar to that found in young patients with stroke [1] [2] [3] . These results suggest the possible role of RLS in increased risk of stroke in migraineurs and in the pathophysiology of headache. It has been hypothesised for MA that the relationship with RLS may be genetically determined [4] . Nevertheless little data are available in the literature about RLS in the other forms of primary headache [5] . This study was designed to evaluate the prevalence of RLS in subjects with cluster headache (CH) and to compare it with the prevalence of RLS in a control group.
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Abstract Recent investigations documented that the prevalence of right-to-left shunt (RLS) in patients with migraine with aura (MA) is significantly higher than in healthy controls and similar to prevalence of RLS in young patients with cryptogenic stroke (CS). Nevertheless, little data are available in the literature about RLS prevalence in the other forms of primary headache. The aim of this study was to investigate the occurrence of RLS in patients with cluster headache (CH). We enrolled 30 consecutive patients with CH diagnosis according to the IHS criteria and 40 controls. RLS was assessed with bilateral transcranial Doppler contrast (TCDc) monitoring of middle cerebral arteries. Eleven patients (37%) resulted positive to TCDc monitoring for evaluation of RLS. These data show that the presence of RLS in this group is more prevalent than in the general population and similar to that found in MA and in CS. ed within 15 s of the injection. RLS was classified as latent if the MB was documented only during the Valsalva manoeuvre and as permanent if the MB was detected during normal ventilation as well. With regard to the degree of the RLS, this was classified as low grade (1-10 MBs), medium grade (11-20 MBs) and highgrade (>20 MBs or curtain effect). Transoesophageal echocardiography was subsequently performed to confirm the presence of patent foramen ovale in all patients.
No patient assumed pharmacological prophylaxis for CH or any other pharmacological treatment in the three months before enrolment; none of them had a history of internal medicine or neuropsychiatric pathologies or any abnormalities detected on cranial CT scan and/or MRI, and carotid stenosis was documented to be absent by Duplex scanner. The statistical analysis was performed using the χ 2 test.
Results
The subjects with CH had a mean age of 37±12.3 years and a male/female ratio of 22/8. The controls had a mean age of 42±11.3 years and a male/female ratio of 22/8. The episodic form of CH was present in 27 patients. The remaining 3 patients had the chronic form. Eleven patients (37%) resulted positive to TCD contrast monitoring for evaluation of RLS and were divided in two groups: the first one with latent RLS, the second group with permanent RLS. In the first group 8 patients (72%) showed a low-grade RLS. In the second group 3 patients (28%) showed a high-grade RLS. Transoesophageal echocardiography confirmed the presence of PFO in all the cases.
A curtain effect was present in one of the patients with permanent high-grade RLS. A RLS was found in 18.3% of control subjects. The difference of prevalence of RLS between CH patients and controls was significant (p<0.005). No significant differences have been detected between the characteristics of the shunt in the two groups.
Discussion
Our study show that RLS is present in 37% of patients suffering from CH, and it is the second investigation aimed at assessing the prevalence of RLS in CH patients revealed by the number of MBs detected during TCDc monitoring. This prevalence is similar to that found in a recent Italian study (42.5%) [5] and in other studies involving MA and cryptogenic stroke (CS) patients [1] [2] [3] , so confirming that in another kind of primary headache the prevalence of RLS is higher than in the general population.
Pathogenetic speculations on a possible correlation between patients with patent foramen ovale and headache, particularly in MA, have sprouted from therapeutic successes producing improvement of the clinical picture after closure of patent foramen ovale [8] [9] [10] [11] [12] .
It has been suggested that RLS plays a role in the aura attack onset in some patients, probably by a mechanism of paradoxical embolism of platelet aggregates or other chemicals. Moreover it has been hypothesised that for MA and CH the relationship with RLS shunt may be genetically determined [5] . A report documented that the occurrence of atrial shunts was consistent with autosomal dominant inheritance in some families with MA [4] . Leone et al. [13] suggested that CH could be, at least in part, of genetic origin. In a previous study we did not find any relationship between the extent of the RLS and severity of headache. It is probably caused by the absence of a pathogenic link between these conditions [14] . It is possible that a particular genetical substrate can determinate endocardial abnormalities and a predisposition to headache (migraine or CH) [3] [4] [5] .
